(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



EP 1 241 702 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published In accordance with Art. 158(3) EPC 



(43) Date of publication: 

18.09.2002 Bulletin 2002/38 

(21) Application number 00987699.6 

(22) Date of filing: 21 .12.2000 



(51) Intci7: HOI L 21/205, HOIS 5/343. 
HOI L 33/00 

(86) International application number: 
PCT/JPOO/09120 

(87) Intemational publication number: 

WO 01A)48798 (05.07.2001 Gazette 2001^ 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NLPTSETR 
Designated Extension States: 
AL LT LV MK RO SI 

(30) Priorrty: 24.12.1999 JP 36761499 

(71) Applicant: Toyoda Gosei Co., Ltd. 
Nishlkasugal-gun, Aichi-ken 452-8564 (JP) 

(72) Inventors: 

• KOIKE, Masayoshi, Toyoda Gosei Co., Ltd. 
Nishikasugal-gun, AtchI 452-8564 (JP) 



• TEZEN, Yuta, Toyoda Gosei Co., Ltd. 
Nishikasugai-gun. AichI 452-8564 (JP) 

• HIRAMATSU, ToshIo, Toyoda Gosei Co., Ltd. 
Nishikasugai-gun, Aichi 452-8564 (JP) 

(74) Representative: 

Leson, Thomas Johannes Alois, Dipl.-lng. 
Tiedtke-Buhling-Kinne & Partner GbR, 
TBK-Patent, 
Bavariaring 4 
80336 Rffunchen (DE) 



(54) METHOD FOR PRODUCING GROUP III NFTRIDE COMPOUND SEMICONDUCTOR AND 
GROUP ill NITRIDE COMPOUND SEMICONDUCTOR DEVICE 



(57) A first Group III nitride compound semiconduc- 
tor layer 31 is etched, to thereby fomn an island-like 
stmcture such as a dot-like, stripe-shaped, or grid-like RG. 1 A 

structure, so as to provide a trench/jsost. Thus, a second 
Group III nitride compound layer 32 can be epitaxially 
grown, vertically and laterally, from a top surface of the 
post and a sidewall/sidewalls of the trench sending as a 
nucleus for epitaxial growth, to thereby bury the trench 
and also grow the layer in the vertical direction. In this 
case, propagation of threading dislocations contained pjQ ■( g 

in the first Group III nitride compound semiconductor 
layer 31 can be prevented in the upper portion of the 
second Group III nitride compound semiconductor 32 
that is fonned through lateral epitaxial growth. As a re- 
sult, a region having less threading dislocations is 
formed at the buried trench. 
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Description 

[0001] This is a patent application based on a PCT 
application No. PCT/J POO/091 20 filed on December21 , 
2000, which is based on a Japanese patent application 
No. H11 -36761 4 filed on December 24, 1999, and is in- 
corporated herein by reference. 

TECHNICAL FIELD 

[0002] The present invention relates to a method for 
fabricating Group III nitride compound semiconductors. 
More particularly, the present invention relates to a 
method for fabricating Group III nitride compound sem- 
iconductors employing epitaxial lateral overgrowth 
(ELO). The Group III nitride compound semiconductors 
are generally represented by AI^Gaylni_x.yN (wherein 0 
^ X ^ 1, 0 5 y ^ 1, and 0 5 X + y ^ 1), and examples 
thereof Include binary semiconductors such as AIN, 
GaN, and InN; ternary semiconductors such as 
AlxGai-xN. Alj(lni.xN, and Ga^ln^.^^N (wherein 0 <x < 1); 
and quatemary semiconductors such as AI^Gayln^.^.yN 
(wherein 0 < x < 1 , 0 < y < 1 , and 0 < x + y < 1 ). In the 
present specification, unless otherwise specified, 
"Group III nitride compound semiconductors" encom- 
pass Group III nitride compound semiconductors which 
are doped with an impurity so as to assume p-type or n- 
type conductivity. 

BACKGROUND AFTT 

[0003] Group III nitride compound semiconductor are 
direct-transition semiconductors exhibiting a wide range 
of emission spectra from UV to red light when used in a 
device such as a light-emitting device, and have been 
used in light-emitting devices such as light-emitting di- 
odes (LEDs) and laser diodes (LDs). In addition, due to 
their broad band gaps, devices employing the afore- 
mentioned semiconductors are expected to exhibit reli- 
able operational characteristics at high temperature as 
compared with those employing semiconductors of oth- 
er types, and thus application thereof to transistors such 
as FETs has been energetically studied. Moreover, 
since Group III nitride compound semiconductors con- 
tain no arsenic (As) as a predominant element, applica- 
tion of Group III nitride compound semiconductors to 
various semiconducting devices has been longed for 
from the environmental aspect. Generally, these Group 
III nitride compound semiconductors are fomned on a 
sapphire substrate. 

DISCLOSURE OF THE INVENTION 

[0004] However, when a Group III nitride compound 
semiconductor is fonned on a sapphire substrate, misfit- 
induced dislocations occur due to difference between 
the lattice constant of sapphire and that of the semicon- 
ductor, resulting in poor device characteristics. Misfit- 



induced dislocations are threading dislocations which 
penetrate semiconductor layers in a longitudinal direc- 
tion (i.e., in a direction vertical to the surface of the sub- 
strate), and Group III nitride compound semiconductors 

5 are accompanied by the problem that dislocations in 
amounts of approximately 10^ cm-2 propagate there- 
through. The aforementioned dislocations propagate 
through layers fomied from Group III nitride compound 
semiconductors of different compositions, until they 

10 reach the uppermost layer. When such a semiconductor 
is incorporated in, for example, a light-emitting device, 
the device poses problenns of unsatisfactory device 
characteristics in tenris of threshold cun^nt of an LD, 
service life of an LED or LD, etc. On the other hand, 

'5 when a Group III nitride compound semiconductor is in- 
corporated in any of other types of semiconductor de- 
vices, because electrons are scattered due to defects 
in the Group III nitride compound semiconductor, the 
semiconductor device comes to have low mobility. 

20 These problems are not solved even when another type 
of substrate is employed. 

[0005] The aforementioned dislocations will next be 
described with reference to a sketch of FIG. 11 . FIG. 11 
shows a substrate 91 , a buffer layer 92 formed thereon, 
^ and a Group III nitride compound semiconductor layer 
93 further formed thereon. Conventionally, the substrate 
91 is fonned of sapphire or a similar substance and the 
buffer layer 92 is fomied of aluminum nitride (AIN) or a 
similar substance. The buffer layer 92 fonned of alumi- 
30 num nitride (AIN) is provided so as to relax misfit be- 
tween the sapphire substrate 91 andthe Group III nitride 
compound semiconductor layer 93. However, genera- 
tion of dislocations Is not reduced to zero. Threading dis- 
locations 901 propagate upward (in a vertical direction 
35 with respect to the substrate surface) from dislocation 
initiating points 900, penetrating the buffer layer 92 and 
the Group III nitride compound semiconductor layer 93. 
When a semiconductor device is fabricated by stacking 
various types of Group III nitride compound semicon- 
40 ductors of interest on the Group III nitride compound 
semiconductor layer 93, threading dislocations furttier 
propagate upward, through the semiconductor device, 
from dislocation anival points 902 on the surface of the 
Group III nitride compound semiconductor layer 93. 
45 Thus, according to conventional techniques, problem- 
atic propagation of dislocations cannot be prevented 
during fomiation of Group 111 nitride compound semteon- 
ductor layers. 

[0006] The present invention has been accomplished 
50 in an attempt to solve the aforementioned problenns, and 
an object of the present invention is to fabricate a Group 
III nitride compound semiconductor with suppressed 
generation of threading dislocations. 
[0007] In order to attain the aforementioned object, 
55 the invention drawn to a first feature provides a method 
for fabricating a Group III nitride compound semicon- 
ductor tiirough epitaxial growth thereof, comprising the 
steps of etching an underlying layer which comprises at 
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least one layerof aGroup III nitride compound semicon- 
ductor and a first Group III nitride compound semicon- 
ductor as an uppemriost layer, to thereby forni an Island- 
like structure such as a dot-like, stripe-shaped, or grid- 
like structure, and eprtaxially growing, vertically and lat- 5 
erally, a second Group III nitride compound semicon- 
ductor, with a top surface of the post and a sidewall of 
the trench serving as a nucleus for epitaxial growth, the 
post and the trench being fomned by etching the first 
Group III nitride compound semiconductor so as tofomn io 
an island-like structure such as a dot-like, stripe- 
shaped, or grid-like structure. In the present specifica- 
tion, the terni "underiying layer" is used so as to collec- 
tively encompass a Group III nitride compound semi- 
conductor single layer and a multi-component layercon- is 
taining at least one Group III nitride compound sembon- 
ductor layer. The expression "Island-like structure" con- 
ceptually refers to the pattern of the upper portions of 
the posts fomned through etching, and does not neces- 
sarily referto regions separated from one another Thus, 20 
upper portions of the posts may be continuously con- 
nected together over a considerably wide area, and 
such a structure may be obtained by forming the entirety 
of a wafer into a stripe-shaped or grid-like structure. The 
sidewall/sidewalls of the trench refers not only to a plane 25 
vertical to the substrate plane and the surface of a Group 
III nitride compound semiconductor, but also to an ob- 
lique plane. The trench may have a V-shaped cross-sec- 
tion with no flat surface on the bottom of the trench. Un- 
less otherwise specified, these definitions are equally 30 
applied to the below-appended claims. 
[0008] The invention drawn to a second feature pro- 
vides a method for fabricating a Group III nitride com- 
pound semiconductor as recited in connection with the 
first feature, wherein the depth and the width of the 35 
trench are detemriined such that lateral growth from the 
sidewall/sidewalls for covering the trench proceeds fast- 
er than vertrcal growth from the bottom portion of the 
trench for burying. As used herein, in the trench having 
a V-shaped cross-section with no flat surface on the bot- 40 
tom of the trench, the bottom portion of the trench means 
the bottom portion formed through epitaxial growth. 
[0009] The invention drawn to a third feature provides 
a method for fabricating a Group III nitride compound 
semfconductor, wherein substantially all the sidewalls of 45 
the trench are a {11-20} plane. 
[0010] The invention drawn to a fourth feature pro- 
vides a method for fabricating a Group III nitride com- 
pound semiconductor, wherein the first Group III nitride 
compound semiconductor and the second Group III ni- so 
tride compound semteonductor have the same compo- 
sition. As used herein, the term "same composition" 
does not exclude differences on a doping level (differ- 
ences by less than 1 mol%) from its meaning. 
[0011] The invention drawn to fifth to ninth features S5 
provide methods each of which carries out a series of 
processes described in the first to fourth features, re- 
spectively, twice. The invention drawn to a fifth feature 



con^esponds to the first feature explained above. That 
is, the fifth feature provides a method for fabrcating a 
Group III nitride compound semiconductor through epi- 
taxial growth comprising the steps of etching an under- 
lying layer which comprises at least one layer of a Group 
III nitride compound semiconductor and a first Group III 
nitride compound semiconductor as uppermost layer to 
thereby fomri an island-like structure such as a dot-like, 
stripe-shaped, or grid-like structure, so as to provide a 
first trench/post, eprtaxially growing, vertically and later- 
ally, a second Group III nitride compound semconduc- 
tor, with a top surface of the post and a sidewall of the 
first trench serving as a nucleus for epitaxial growth, 
etching at least a portion of the second Group III nitride 
compound semiconductor corresponding to the upper 
region of the uppermost layer of the first trench/post, so 
as to provide a second trench/post, the second Group 
III nitride compound semfoonductor being grown from 
the top surface and a sidewall of the first post of the first 
Group III nitride compound semiconductor served as a 
nucleus, and epitaxially growing, vertfcally and laterally, 
a third Group III nitride compound semkjonductor, with 
a top surface of the post and a sidewall of the second 
trench as a nucleus for epitaxial growth. Here canying 
out a series of processes described in the first to fourth 
features twkie is not limited to canying out substantially 
the same series of processes two times. All shape, side- 
wall, and bottom surface of each trench/post should not 
be the same. That can be applied to below-appended 
features. 

[0012] The invention drawn to a sixth feature con^- 
sponds to the second feature. That is, the depth and the 
width of the bottom portion of the first and second 
trenches are determined such that lateral growth from 
the sidewall/sidewalls for covering the trench proceeds 
faster than vertical growth from the bottom portion of the 
first and second trenches for burying. 
[0013] The invention drawn to a seventh feature cor- 
responds to the third feature. That is, substantially all 
the sidewalls of the first and the second trenches are a 
{11-20} plane. 

[0014] The invention drawn to an eighth feature is to 
apply the fourth feature to the first layer grown by lateral 
epitaxial growth. That is, the eighth feature provides that 
the first Group III nitride compound semiconductor and 
the second Group III nitride compound semiconductor 
have the same composition. 

[0015] The invention drawn to a ninth feature is to ap- 
ply the fourth feature to the second layer grown by lateral 
epitaxial growth. That is, the ninth feature provides that 
the second Group III nitride compound semiconductor 
and the third Group III nitride compound semiconductor 
have the same composition. 

[001 6] The invention drawn to tenth and eleventh fea- 
tures provide a Group IN nitride compound semfconduc- 
tor device which is fomned on an upper layer of a lateral- 
eprtaxially grown portion of a Group 1 1 1 nitride compound 
semiconductor layer produced through a method for 
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fabricating a Group III nftride compound semiconductor 
as recited in connection with any one of the first to fourth 
features and any one of fifth to ninth features, respec- 
tively. The invention drawn to twelfth and thirteenth fea- 
tures provide a Group III nitride compound semiconduc- s 
tor light-emitting device which is produced by stacking 
a different Group III nitride compound semiconductor 
layer on an upper layer of a lateral-epitaxially grown por- 
tion of a Group III nitride compound semiconductor layer 
produced through a method for fabricating a Group III io 
nitride compound semiconductor as recited in connec- 
tion with any one of the first to fourth features and any 
one of the fifth to ninth features, respectively. 
[001 7] The invention drawn to fourteenth and fifteenth 
features provide a method for fabricating a Group III ni- « 
tride compound semiconductor as recited in connection 
with any one of the first to fourth features and any one 
of the fifth to ninth features, respectively, further com- 
prising removing substantially entire portions except for 
an upper layer formed on a portion provided through lat- 20 
eral epitaxial growth, to thereby obtain a Group 1 11 nitride 
compound semiconductor substrate. 
[0018] The outline of an example of the method for 
fabricating a Group III nitride compound semiconductor 
of the present invention will next be described with ref- 25 
erenceto FIGS. 1 -4. Although FIGS. 1 -4 illustrate layers 
accompanied by a substrate 1 and a buffer layer 2 so 
as to facilitate description and understanding of relevant 
dependent claims, the substrate 1 and the buffer layer 
2 are not essential elements of the present invention, as 30 
the present invention is to produce a Group III nitiide 
compound semiconductor layer including a region in 
which threading dislocations in tiie vertical direction are 
reduced from a Group III nitride compound semiconduc- 
tor having threading dislocations in the vertical direction. 55 
The gist of the operation and effects of the present in- 
vention will next be described with reference to an em- 
bodiment in which a first Group III nitride compound 
semiconductor layer 31 having threading dislocations in 
the vertical direction (direction vertical to the substrate 40 
surface) is provided on the substrate 1 via the buffer lay- 
er 2. 

[0019] As shown in FIG. 1 A, the first Group III nitride 
compound semiconductor layer 31 is fomied on the buff- 
er layer 2 and etched to thereby fomn an island-like 45 
structure such as a dot-like, stripe-shaped, or grid-like 
structure, so as to provide a trench/post. Thus, a second 
Group III nitride compound layer 32 can be epitaxially 
grown, vertically and laterally, with a top surface of the 
post and a sidewall/sidewalls of tiie trench serving as a so 
nucleus for epitaxial growth, to thereby bury ttie trench 
and also grow the layer upward. In this case, propaga- 
tion of threading dislocations contained in the Group III 
nitride compound semiconductor layer 31 can be pre- 
vented in the upper portion of the second Group III ni- 55 
tride compound semiconductor 32 that is fomied 
through lateral epitaxial growth, and a region in which 
treading dislocations are reduced is provided in the 



thus-buried trench (first feature). When the second 
Group III nitride compound semiconductor 32 is epitax- 
ially grown vertically and laterally, as shown in FIG. IB, 
there exist a portion which grows from a top surface of 
the post serving as a nucleus for epitaxial growth, a por- 
tion which grows from a sidewall/sidewalls of the trench 
serving as a nucleus for epitaxial growth, and a portion 
which grows from a bottom surface of the post serving 
as a nucleus for epitaxial growtti. In the present inven- 
tion, epitaxial growth is canled out so that existence of 
the portion which grows from a sidewall/sidewalls of the 
trench serving as a nucleus for epitaxial growtti be- 
comes clear. Thus, threading dislocations are not prop- 
agated in the vertical direction in the portion fomried 
tiirough lateral growth from a sidewall of ttie trench serv- 
ing as a nucleus for epitaxial growtii. Because epitaxial 
growtti yields no substantial discontinuity in the interface 
between the Group III nitride compound semiconductor 
layer 31 and the second Group III nitride compound 
semiconductor 32, no electrical resistance attributed to 
a discontinuous portion is generated with respect to cur- 
rent flow in the vertteal direction (direction nomrial to the 
surface of the substrate 1), as compared witii a similar 
structure having a mask made of an insulator or the like. 
Furthermore, a stable structure can be fabricated. 
[0020] When the coalescence of lateral epitaxial 
growtti fronts starting from ttie sidewalls of the trench 
facing to each other is faster ttian the rate that the sec- 
ond Group III nitride group compound semiconductor 32 
epitaxially grows in the vertical direction for burying the 
trench, in the upper portion of the thus-buried Group III 
nitride compound semiconductor 32, the propagation is 
remarkably suppressed from ttie Group III nitride com- 
pound semiconductor 31 , to ttiereby provide a crystal 
region of remaricably high quality (second feature). In 
this case, as shown in FIG. 1C, the portion which grows 
from a bottom surface of the post sen/ing as a nucleus 
for epitaxial growtti does not come out of the surface, 
and cavities remain in the trench. Over the cavities, 
growth fronts of the Group III nitride compound semi- 
conductor 32 grown from ttie two sidewalls of the trench, 
serving as nuclei for epitaxial growth, coalesce. Then 
ttireading dislocations propagated from the Group III ni- 
tride compound semiconductor layer 31 are prevented 
from being propagated by these cavities. As a result, no 
electrical resistance attributed to a discontinuous por- 
tion is generated with respect to current flow in the ver- 
tical direction (direction normal to the surface of the sub- 
strate 1). Furthemnore, a stable structure can be fabri- 
cated. 

[0021] The aforementioned lateral epitaxial growtti 
can be readily attained when the sidewall fomied of the 
Group III nitride compound semiconductor layer 31 is a 
{11-20} plane (third feature). During lateral epitaxial 
growth, at least a top of the growtti front may remain a 
{11-20} plane. When the first Group III nitride compound 
semiconductor and tiie second Group III nitride com- 
pound semiconductor have the same composition, lat- 
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eral epitaxial growth can be readily attained (fourth fea- 
ture). 

[0022] Through the procedure as described above, 
threading dislocations propagated from the Group III ni- 
tride compound semiconductor layer 31 are prevented, 
to thereby provide a stable structure, and the Group III 
nitride compound semiconductor 32 can befomied with- 
out increasing electrical resistance attributed to a dis- 
continuous interface. Although FIG. 1 illustrates aside- 
wall of the trench vertical to the substrate plane, the 
present invention is not limited thereto, and the sidewall 
may be an oblique plane. The trench may have a V- 
shaped cross-section with no flat surface on the bottom 
of the trench. These features are equally applied to the 
descriptions below. 

[0023] In FIG. 1 , the buffer layer 2 and the Group III 
nitride compound semiconductor layer 31 are fomned on 
the substrate 1 in sequence and an etching which is 
shallower than a thickness of the Group III nitride com- 
pound semiconductor is earned out. Altematively, as 
shown in FIG. 2, a degree of the etching depth may be 
as thick as the thickness of the Group III nitride com- 
pound semiconductor layer 31 so that the buffer layer 2 
may be exposed as a bottom portion of the trench. In 
this case, the present invention may be carried out by 
adjusting epitaxial condition and width and depth of the 
trench such that lateral growth from the sidewall/side- 
walls and the upper surface of the Group III nitride com- 
pound semiconductor layer 31 for covering the trench 
proceeds faster than vertical growth of the Group lit ni- 
tride compound semiconductor layer 32 from the buffer 
layer 2 for burying the trench. That shows the similar 
effect as described in FIG. 1 . 

[0024] Altematively, as shown in FIG. 3, the buffer lay- 
er fonned on the substrate as the underiying layer and 
the Group III nitride compound layer grown on the buffer 
layer may be regarded as one period, and a layer com- 
prising plural periods of these layers may be used. In 
FIG. 3, the buffer layer 21, the Group III nitride com- 
pound semiconductor layer 22, the buffer layer 23, and 
the Group III nitride compound semiconductor layer 31 
are formed in sequence, and the Group III nitride com- 
pound semiconductor layer 31 is etched such that the 
buffer layer 23 is exposed at the bottom portion of the 
trench. After carrying out the process illustrated by FIG. 
3A, a fabricating method comprising an etching shallow- 
er than athicknessof aGroup III nitride compound sem- 
iconductor layer 31 , which is a bottom portion of the 
trench, and a fabricating method comprising an etching 
deeperthan a thtekness of a Group III nitride compound 
semiconductor layer 31, and a bottom portion of the 
trench is a Group III nitride compound semiconductor 
layer 22 or a buffer layer 21 . In these methods, the 
Group III nitride compound semiconductor layer 32 
fonned above the bottom portion of the trench is mainly 
fomied through lateral epitaxial growth from the post of 
the Group III nitride compound semiconductor layer 31 
serving as a nucleus for epitaxial growth. As a result, a 



region whose propagation of threading dislocations in 
the vertical direction is suppressed (controlled) can be 
obtained. That shows the similar effect as described in 
FIG. 1. 

5 [0025] By repeating the above described process 
more than two times, propagation of threading disloca- 
tions in the nomial direction can be prevented multiple- 
folds (fifth through ninth features). As a result, propaga- 
tion of threading dislocations can be prevented in ex- 
10 tremely wider area (comparable with the surface of the 
substrate). That is shown in FIG. 4. By the first to fourth 
features, a first trench is formed, a first epitaxial growth 
is carried out, and the second Group III nitride com- 
pound semiconductor layer 32, having a region whose 
'5 threading dislocations propagated from the first Group 
III nitride compound semiconductor layer 31. is prevent- 
ed, is fomned. Then at least one portion of the region 
whose threading dislocations propagated from the first 
Group III nitride compound semkxjnductor layer 31 is 
20 not prevented (the upper portion of the first post) is 
etched. In FIG. 4A, this etching is canied out so that a 
portion of the second Group III nitride compound semi- 
conductor layer 32 remains at the upper portion of the 
first post. Altematively, the etching may reach the first 
25 Group III nitride compound semteonductor layer 31 . Ac- 
cordingly, when a third Group III nitride compound sem- 
teonductor layer 33 is epitaxially grown in vertical and 
lateral directions from the top surface or the sidewall of 
the second trench of the second Group III nitride com- 
30 pound semiconductor layer 32 serving as a nucleus for 
epitaxial growth, the third Group III nitride compound 
semiconductor layer 33, which is formed on the upper 
portion of the region having suppressed threading dis- 
locations in the second Group III nitride compound sem- 
35 iconductor layer 32, has also suppressed threading dis- 
locations. And also because the third Group III nitride 
compound semiconductor layer 33, whteh is fornied on 
the upper portion of the buried trench in the second 
Group III nitride compound semiconductor layer 32, is 
40 epitaxially grown from a sidewall of the trench serving 
as a nucleus for epitaxial growth, the layer 33 becomes 
a region having less threading dislocations. 
[0026] Alternatively, the first trench/post may be a 
trench/post whose bottom portion is the different layer 
4^ to the post as shown in FIG. 2, a trench/post which is 
fonned on multiple layers as shown in FIG. 3, or a 
trench/post having other structures. In these cases, the 
second trench/post may be formed such that only the 
second Group III nitride compound semiconductor layer 
50 32 is exposed or that until the upper layer of the first 
Group III nitride compound semiconductor layer 31 is 
etched. When the bottom portion of the trench is the dif- 
ferent layer to the post as shown in FIG. 2, or a trench/ 
post formed on multiple layers is regarded as the first 
55 trench as shown in FIG. 3, the second trench/post of 
upper layer may have a different structure to that of the 
first trench/post. 

[0027] By forming an a light-emitting element on an 
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upper layer of a lateral-epitaxialty grown portion of a 
Group III nitride compound semiconductor layer pro- 
duced through the above step, a light-emitting device 
endowed with improved service life time and an im- 
proved LD threshold value can be provided (tenth and 
eleventh features). 

[0028] By selectively separating, from the other lay- 
ers, an upper layer fornned of a lateral epitaxial growth 
portion of the Group III nitride compound semiconductor 
layer obtained through the above step, there can be pro- 
duced a high-crystalllnity Group III nitride compound 
semiconductor in which crystal defects such as disloca- 
tions are remarkably suppressed (tenth and twelfth fea- 
tures). In this connection, for the sake of convenience 
in manufacture, the expression "removing substantially 
entire portions" does not exclude the case in which a 
portion containing threading dislocations is present to 
some extent. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0029] 

FIG. 1 is a series of sectional views showing the 
steps of fabricating a Group III nitride compound 
semiconductor according to a first embodiment of 
the present invention; 

FIG. 2 Is a series of sectional views showing the 
steps of fabricating a Group III nitride compound 
semiconductor according to a second embodiment 
of the present invention; 

FIG. 3 is a series of sectional views showing the 
steps of fabricating a Group III nitride compound 
semiconductor according to a third embodiment of 
the present invention; 

FIG. 4 is a series of sectional views showing the 
steps of fabricating a Group III nitride compound 
semiconductor according to a fourth embodiment of 
the present invention; 

FIG. 5 is a sectional view showing the structure of 
a Group III nitride compound semiconductor light- 
emitting device according to a fifth embodiment of 
the present invention; 

FIG. 6 is a sectional view showing the structure of 
a Group III nitride compound semiconductor light- 
emitting devk:e according to a sixth embodiment of 
the present invention; 

FIG. 7 is a sectional view showing the structure of 
a Group III nitride compound semiconductor light- 
emitting device according to a seventh embodiment 
of the present invention; 

FIG. 8 is a sectional view showing the structure of 
the Group III nitride compound semiconductor light- 
emitting device according to the eighth embodiment 
of the present invention; 

FIG. 9 is a schematic view showing another exam- 
ple of etching of a first Group III nitride compound 
semiconductor; 



FIG. 10 is a schematic view showing the other ex- 
ample of etching of a first Group III nitride com- 
pound semiconductor; and 
FIG. 11 is a sectional view showing threading dis- 
5 locations propagating in a Group III nitride com- 
pound semiconductor. 

BEST MODE FOR CARRYING OUT THE INVENTION 

10 [0030] FIG. 1 schematically shows a mode for carry- 
ing out a method for fabricating a Group III nitride com- 
pound semiconductor of the present invention. A sub- 
strate 1 , the buffer layer 2 if necessary, and a first Group 
ill nitride compound semiconductor layer 31 are formed, 
'5 followed by undergoing etching to fomi trenches/posts 
(FIG. 1 A). As a result of etching, posts and trenches are 
fonmed; the unetched surface fonns the tops of the 
posts; and sidewalls and bottom portions (bottom sur- 
faces) of the trenches are formed. The sidewalls are, for 

20 example, {1 1 -20) planes. Next, under conditions of lat- 
eral epitaxial growth, a second Group III nitride com- 
pound semiconductor 32 is epitaxially grown while the 
sidewalls of the trenches and the top surfaces of the 
posts serve as nuclei for epitaxial growth. A metal-or- 

25 ganic growth process enables easy lateral epitaxial 
growth while the growth fronts remain the {11-20} 
planes. Portions of the second Group III nitride com- 
pound semiconductor 32 whfch are laterally grown from 
the sidewalls of the trenches are free from propagation 

30 of threading dislocation from the first Group III nitride 
compound semiconductor 31 (FIG. IB). The fonii of 
etching and lateral epitaxial growth conditions are de- 
termined such that the fronts of lateral growth extending 
from the opposite sidewalls of the trenches coalesce 

35 above the bottoms of the trenches before the vertical 
growth from the bottom portion of the trench buries the 
etched portion, whereby threading dislocation is sup- 
pressed in the regions of the second Group III nitride 
compound semiconductor 32 formed above the bottoms 

40 of the trenches (FIG. 1 C). By shifting the etching region 
and carrying out the equivalent process repeatedly, a 
third Group III nitride compound semiconductor 33 can 
be obtained having wider area in which threading dislo- 
cation is suppressed. 

45 [0031] As an abovendescribed mode for carrying out 
the invention allow selections to be described below. 
[0032] When a laminate including a substrate and a 
Group III nitride compound semiconductor is to be 
fonned, the substrate may be an inorganic crystalline 

50 substrate of sapphire, silicon (Si), silicon carbide (SIC), 
spinel (MgAl204), ZnO, MgO, or the like, and a Group 
lll-V compound semiconductor, such as a gallium phos- 
phide or gallium arsenide semiconductor, or a Group III 
nitride compound semiconductor, such as a gallium ni- 

55 tride (GaN) semiconductor, may be used. 

[0033] A prefen-ed process for fomning a Group ill ni- 
tride compound semiconductor layer is metal-organic 
chemical vapor deposition (MOCVD) or metal-organic 
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vapor phase epitaxy (MOVPE). However, molecular 
beam epitaxy (MBE), haiide vapor phase epitaxy (halide 
VPE), liquid phase epitaxy (LPE), or the llice may be 
used. Also, individual layers may be formed by different 
growth processes. 5 
[0034] When a Group III nitride compound semicon- 
ductor layer Is to be formed on, for example, a sapphire 
substrate, in order to improve good crystallinity of the 
layer, a buffer layer is preferably fonrted for the purpose 
of correcting lattice mismatch with the sapphire sub- io 
strate. When a substrate of another material is to be 
used, employment of a buffer layer is also preferred. A 
buffer layer is preferably of a Group III nitride compound 
semiconductor AlxGaylni.x.yN (0^x^1,0^y^l,o^ 
X + y 51 ) f ornned at low temperature, more preferably of is 
A*x^3i-xN (0 5x^1). This buffer layer may be a single 
layer or a multi-component layer comprising layers of 
different compositions. A buffer layer may be formed by 
MOCVD at a low temperature of 380-420°C or at a tem- 
perature of 1 000-1 180'C. Alternatively, an AIN buffer 20 
layer can be formed by a reactive sputtering process us- 
ing a DC magnetron sputtering apparatus and, as ma- 
terials, high-purity aluminum and nitrogen gas. Similariy, 
a buffer layer represented by the fonnula AI^Gayln^.^.yN 
(0<x 5 1,0<y 5 1,05x + ysl,artDitraiy composition) 25 
can be formed. Furt:hermore, vapor deposition, ion plat- 
ing, laser abrasion, or ECR can be employed. When a 
buffer layer is to be fo rmed by physical vapor deposition, 
physical vapor deposition is perfomned preferably at 
200-600''C, more preferably 300-600''C, most prefera- 30 
biy 400-600^C. When physical vapor deposition, such 
as sputtering, is employed, the thickness of a buffer lay- 
er is preferably 100-3000 angstroms, more preferably 
100-400 angstroms, most preferably 100-300 ang- 
stronns. A multi-component layer may comprise, for ex- 35 
ample, alternating AI^Ga^.^N {0 5 x 51 ) layers and GaN 
layers. Alternatively, a multi-component layer may com- 
prise alternating layers of the same composition fomned 
at a temperature of not higherthan 600°G and at a tem- 
perature of not lower than 1 000**C. Of course, these ar- 40 
rangements may be combined. Also, a multi-component 
layer may comprise three or more different types of 
Group III nitride compound semiconductors 
AI^Gaylni.^^N{05x5l,05y51,0 5x + y5l). Gen- 
erally, a buffer layer is amorphous and monocrystalline 45 
is formed as an intermediate layer. Repetitions of unit of 
a buffer layer and an intemiediate layer may be formed, 
and the number of repetitions is not particularly limited. 
The greater the number of repetitions, the greater the 
improvement in crystallinity. 50 
[0035] The present invention is substantially applica- 
ble even when the composition of a buffer layer and that 
of a Group III nitride compound semiconductor fomied 
on the buffer layer are such that a portion of Group III 
elements are replaced with boron (B) or thallium (Tl) or 55 
a portion of nitrogen (N) atoms are replaced with phos- 
phorus (P), arsenic (As), antimony (Sb), or bismuth (Bi). 
Also, the buffer layer and the Group III nitride compound 



semiconductor may be doped with any one of these el- 
ements to such an extent as not to appear in the com- 
position thereof. For example, a Group III nitride com- 
pound semiconductor which is represented by 
AI^Ga^.^N (0 5 X 5 1) and which does not contain indium 
(In) and arsenic (As) may be doped with indium (In), 
which is larger in atomic radius than aluminum (Al) and 
gallium (Ga), or arsenic (As), which is larger in atomic 
radius than nitrogen (N), to thereby improve crystallinity 
through compensation, by means of compression 
strain, for crystalline expansion strain induced by drop- 
ping off of nitrogen atoms. In this case, since acceptor 
impuritieseasily occupy the positions of Group III atoms, 
p-type crystals can be obtained as grown. Through the 
thus-attained improvement of crystallinity combined 
with the features of the present invention, threading dis- 
location can be further reduced to approximately 1/1 00 
to 1/1000. In the case of an underiying layer comprising 
two or more repetitions of a buffer layer and a Group III 
nitride compound semiconductor layer, the Group III ni- 
tride compound semiconductor layers are further pref- 
erably doped with an element greater in atomic radius 
than a predominant component element. In the case 
where an emission layer and an active layer of a light- 
emitting device are target products, use of a binary or 
ternary Group III nitride compound semiconductor is 
preferred. 

[0036] When an n-type Group III nitride compound 
semiconductor layer is to be fomned, a Group IV or 
Group VI element, such as Si, Ge, Se, Te, or C, can be 
added as an n-type impurity. A Group II or Group IV el- 
ement, such as 2n, Mg, Be, Ca, Sr, or Ba, can be added 
as a p-type impurity. The same layer may be doped with 
a plurality of n-type or p-type impurities or doped with 
both n-type and p-type impurities. 
[0037] Preferably, the front of lateral epitaxial growth 
is perpendicular to a substrate. However, lateral epitax- 
ial growth may progress while slant facets with respect 
to the substrate are maintained. In this case, trenches 
may have a V-shaped cross section with no flat surface 
on the bottom of the trench. 

[0038] Preferably, lateral epitaxial growth progresses 
such that at least an upper portion of the front of lateral 
epitaxial growth is perpendicular to the surface of a sub- 
strate. More preferably, growth fronts are {11 -20} planes 
of a Group III nitride compound semiconductor 
[0039] The depth and width of trenches to be etched 
is determined such that lateral epitaxial growth fills the 
trenches. 

[0040] When the crystal orientation of a Group III ni- 
tride compound semiconductor layer to be fomned on a 
substrate can be predicted, masking or etching in the 
fomn of stripes perpendicular to the a-plane ({11-20} 
plane) or ttie m-plane ({1-100} plane) of the Group III 
nitride compound semiconductor layer is favorable. The 
aforementioned stripe or mask patterns may be island- 
like or grid-like or may assume other fonns. The front of 
lateral epitaxial growth may be perpendicular or oblique 
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to the surface of a substrate. In order for the a-plane; i. 
e., the (11-20) plane, of a Group III nitride compound 
semiconductor layer to become the front of lateral epi- 
taxial growth, the lateral direction of stripes must, for ex- 
ample, be perpendicular to the m-plane; i.e., the (1-100) 
plane, of the Group III nitride compound semiconductor 
layer. For example, when the surface of a substrate is 
the a-plane or the c-plane of sapphire, the m-plane of 
sapphire usually matches the a-plane of a Group III ni- 
tride compound semiconductor layerformed on the sub- 
strate. Thus, etching Is performed according to the ar- 
rangement of the planes. In the case of a point-like, grid- 
lilce, or Island-like etching, planes that define an outline 
(sidewalls) are preferably {11-20} planes. 
[0041 1 An etching noask may comprise a polycrystal- 
line semiconductor, such as polycrystalline silicon or 
polycrystalline nitride semiconductor; an oxide or ni- 
tride, such as silicon oxide (SiOj^), silicon nitride (SiN J, 
titanium oxide (TiOJ, or zirconium oxide (ZrOJ; or a 
high-melting-point metal, such as titanium (71) or tung- 
sten (W); or may assume the form of a multi-layer film 
thereof. The etching mask may be formed by a vapor 
phase growth process, such as vapor deposition, sput- 
tering, or CVD, or other processes. 
[0042] Reactive ion beam etching (RIE) is pretended 
for etching, but any other etching process may be em- 
ployed. When trenches having sidewalls oblique to the 
surface of a substrate are to be fomned, anisotropfc etch- 
ing is employed. By means of anisotropic etching, 
trenches are fonmed such that the trenches have a V- 
shaped cross section with no flat surface on the bottom 
of the trench. 

[0043] A semiconductor device, such as an FET or a 
light-emitting device, can be formed on the above-de- 
scribed Group III nitride compound semteonductor hav- 
ing regions where threading dislocation is suppressed, 
throughout the entire region or mainly on the regions 
where threading dislocation is suppressed. In the case 
of a light-emitting device, a light-emitting layer assumes 
a multi-quantum well (MQW) structure, a single-quan- 
tum well (SQW) structure, a homo-structure, a single- 
hetero-structure, or a double-hetero-structure, or may 
be formed by means of, for example, a pin junction or a 
pn junction. 

[0044] The above-described Group 111 nitride com- 
pound semiconductor having regions where threading 
dislocation Is suppressed can befomned as a Group III 
nitride compound semiconductor sut>strate through re- 
moval of, for example, the substrate 1 , the buffer layer 
2, and portions of the Group 111 nitride compound semi- 
conductor where threading dislocation is not sup- 
pressed. The thus-f omned substrate allows formation of 
a Group III nitride compound semiconductor device 
thereon or may be used as a substrate for forming a 
greater Group 111 nitride compound semiconductor crys- 
tal. The removal can be perfomned by mechanochemi- 
cal polishing or any other appropriate process. 
[0045] The present invention will next be described 



with reference to specific embodiments. The embodi- 
ments will be described while mentioning a method for 
fabricating a light-emitting device. However, the present 
invention is not limited to the embodiments to be de- 

5 scribed below. The present invention discloses a meth- 
od for fabricating a Group III nitride compound semicon- 
ductor applicable to fabrication of any device. 
[0046] TheGroup III nitride compound semiconductor 
of the present invention was fabricated by metal-organic 

10 vapor phase epitaxy (hereinafter called "MOVPE"). Typ- 
ical gases used include ammonia (NH3), earner gas (H2 
or N2), trimethylgallium (Ga(GH3)3, hereinafter called 
TMG"), trimethylaluminum (A1(CH3)3, hereinafter 
called TMA^, trimethylindium (ln(CH3)3, hereinafter 

15 called TMI"), and cyclopentadlenylmagnesium (Mg 
{^5^5)2^ hereinafter called "CpaMg"). 

[First Embodiment] 

20 [0047] FIG. 1 shows the steps of the present embod- 
iment A monocrystalline sapphire substrate 1 was pre- 
pared such that the a-plane thereof cleaned through or- 
ganic cleaning and heat treatment serves as the main 
surface thereof. Temperature was dropped to 400"C, 

25 and H2 (10 Lymin), NH3 (5 L/min), and TMA (20 nmol/ 
min) were supplied for approximately 3 minutes to there- 
by fomn, on the sapphire substrate 1 , a buffer layer 2 of 
AIN having a thbkness of approximately 40 nm. Next, 
while the temperature of the sapphire substrate 1 was 

30 maintained at 1000°C, (20 L/hnin), NH3 (10 IVmin), 
and TMG (300 jimol/min) were introduced to thereby 
fomn a GaN layer 31 having a thickness of approximately 
3jxm. 

[0048] By use of a hard bake resist mask, stripe- 
35 shaped trenches each having a width of 1 jrni and a 
depth of 2 fim were selectively dry-etched at intervals 
of 1 Jim by reactive ion beam etching (RIE). As a result, 
posts of the GaN layer 31 each having a width of 1 jun 
and trenches each having a depth of 2 jtm and a width 
40 of 1 ^uTi at a bottom thereof were altematingly fomned 
(FIG. 1 A). At this time, the {11-20} planes of the GaN 
layer 31 were caused to serve as the sidewalls of the 
trenches of a depth of 2 jim. 

[0049] Next, while the temperature of the sapphire 
45 substrate 1 was maintained at 1150**G, H2 (20 Umin), 
NH3 (1 0 L/min), and TMG (5 ^mol/min) were introduced 
to thereby form a GaN layer 32 through lateral epitaxial 
growth perfonned while the sidewalls of the trenches of 
a depth of 2 ^m; i.e. , the {1 1 -20} planes of the GaN layer 
50 31 , serve as nuclei. At this time, epitaxial growth took 
place from the top surfaces of the posts and from the 
bottoms of the trenches (FIG. IB). Lateral epitaxial 
growth was performed while the {1 1 -20} planes primarily 
served as the growth fronts, thereby filling the trenches 
55 and thus establishing a flat top surface (FIG. 10). Sub- 
sequently, H2 (20 L/mIn), NH3 (1 0 Umin). and TMG (300 
^lmol/min) were introduced to thereby grow the GaN lay- 
er 32 such that the total thickness of the GaN layer 31 
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and the GaN layer 32 becomes 4 jim. In contrast to por- 
tions of the GaN layer 32 f omned above the top surfaces 
of the posts, portions of the GaN layer 32 f oimed above 
the bottonns of the trenches extending as deep as 2 jim 
through the GaN layer 31 exhibited significant suppres- 
sion of threading dislocation. 

[Second Embodinnent] 

[0050] The present ennbodiment Is Illustrated in FIG. 
2. A monocrystalllne sapphire substrate 1 was prepared 
such that the a-plane thereof cleaned through organic 
cleaning and heat treatment serves as the main surface 
thereof. Temperature was dropped to 400°C, and (1 0 
Lymin), NH3 (5 L/mln), and TMA (20 junol/hnin) were sup- 
plied for approximately 3 minutes to thereby forni, on 
the sapphire substrate 1 , an AIN layer 2 having a thbk- 
ness of approximately 40 nm. Next, while the tempera- 
ture of the sapphire substrate 1 was maintained at 
lOOO'^C, H2 (20 L/min), NH3 (10 Lymin), and TMG (300 
jimol/min) were Introduced to thereby form a GaN layer 
31 having a thickness of approximately 2 \im. 
[0051 ] Next, by use of a hard bake resist nnask, stripe- 
shaped trenches each having a width of 1 jinn and a 
depth of 2 were selectively dry-etched at intervals 
of 1 by reactive ion beam etching (RIE). As a result, 
posts of the GaN layer 31 each having a width of 1 jim 
and a depth of 2 jim and trenches each having a width 
of 1 nm and having the buffer layer 2 exposed at the 
bottom thereof were aftematingly formed (FIG. 2A). At 
this time, the {11-20} planes of the GaN layer 31 were 
caused to serve as the sidewalls of the trenches of a 
depth of 2 Jim. 

[0052] Next, while the temperature of the sapphire 
substrate 1 was maintained at 1150°G, (20 Umin), 
NH3 (1 0 L/min), and TMG (2 jimol/min) were introduced 
to thereby form a GaN layer 32 through lateral epitaxial 
growth perfomied while the sidewalls of the trenches of 
a depth of 2 jim; i.e., the {11-20} planes of the GaN layer 
31 , serve as nuclei. At this time, epitaxial growth took 
place from the top surfaces of the posts and from the 
surface of the buffer layer 2 exposed at the bottoms of 
the trenches (FIG. 2B). Lateral epitaxial growth was per- 
formed while the {1 1 -20} planes primarily served as the 
growth fronts, thereby filling the trenches and thus es- 
tablishing a flat top surface (FIG. 2C). Subsequently, 
(20 LVmin), NH3 (10 Lymin), and TMG (300 fimol/min) 
were introduced to thereby grow the GaN layer 32 such 
that the total thickness of the GaN layer 3 1 and the GaN 
layer 32 becomes 3 ^m. In contrast to portions of the 
GaN layer 32 formed above the top surfaces of the 
posts, portions of the GaN layer 32 formed above the 
bottoms of the trenches extending as deep as 2 pjn 
through the GaN layer 31 exhibited significant suppres- 
sion of threading dislocation. 



[Third Embodiment] 

[0053] The present embodiment used an underlying 
layer comprising a plurality of layers as shown In FIG. 
5 3. A monocrystalline sapphire substrate 1 was prepared 
such that the a-plane thereof cleaned through organic 
cleaning and heat treatment serves as the main surface 
ttiereof . Temperature was dropped to 400°G, and H2 (1 0 
L/mln), NH3(5 lymin), andTMA(20jimol/mln) weresup- 

10 plied for approximately 3 minutes to thereby form, on 
the sapphire substrate 1 , a first AIN layer (first buffer lay- 
er) 21 having a thickness of approximately 40 nm. Next, 
while the temperature of the sapphire substrate 1 was 
maintained at lOOOX, H2 (20 Lyhiin), NH3 (10 Lymin), 

'5 and TMG (300 jimol/min) were introduced to thereby 
form a GaN layer (Intemriediate layer) 22 having a thick- 
ness of approximately 0.3 ^m. Next, the temperature 
was dropped to 400°C, and Hg (10 Lyhnin), NH3 (5 U 
min), and TMA (20 jimol/min) were supplied for approx- 

20 imately 3 minutes to thereby forni a second AIN layer 
(second buffer layer) 23 having a thickness of approxi- 
mately 40 nm. Next, while the temperature of the sap- 
phire substrate 1 was maintained at 1000°C, H2 (20 U 
min), NH3 (10 Lyhnin), and TMG (300 \vmoUmm) were 

25 introduced to thereby fomi a GaN layer 31 having a 
thickness of approximately 2 jtm. Thus was formed an 
underiying layer comprising the first AIN layer (first buff- 
er layer) 21 having a thickness of approximately 40 nm, 
the GaN layer (intemiediate layer) 22 having a thickness 

30 of approximately 0.3 nm. the second AIN layer (second 
buffer layer) 23 having a thickness of approximately 40 
nm, and the GaN layer 31 having a thickness of approx- 
imately 2 fim. 

[0054] Next, by use of a hard bake resist mask, stripe- 
35 shaped trenches each having a width of 1 \um and a 
depth of 2 fim were selectively dry-etched at intervals 
of 1 Jim by reactive Ion beam etching (RIE). As a result, 
posts of the GaN layer 31 each having a width of 1 jim 
and a height of 2 jim and trenches each having a width 
of 1 ^m and having the second AIN layer 23 exposed at 
the bottom thereof were altematingly formed (FIG. 3). 
At this time, the {1 1 -20} planes of the GaN layer 31 were 
caused to serve as the sidewalls of the trenches of a 
depth of 2 pjn. 

45 [0055] Next, while the temperature of the sapphire 
substrate 1 was maintained at IISO'^C, H2 (20 Lymin), 
NH3 (1 0 Lymin), and TMG (5 jimol/min) were introduced 
to thereby form a GaN layer 32 through lateral epitaxial 
growth perfomied while the sidewalls of tiie trenches of 

50 a depth of 2 fim; i.e. , the {1 1 -20} planes of the GaN layer 
31, serve as nuclei. At this time, epitaxial growth took 
place from the top surfaces of the posts and from the 
surface of the second AIN layer 23 (a different layer) ex- 
posed at the bottoms of the trenches. Lateral epitaxial 

55 growth was performed while the {1 1 -20} planes primarily 
served as the growtii fronts, thereby filling the trenches 
and thus establishing a flat top surface. Subsequently, 
H2 (20 L/min), NH3 (1 0 L/min), and TMG (300 pmol/min) 
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were introduced to thereby grow the GaN layer 32 such 
that the total thickness of the GaN layer 31 and the GaN 
layer 32 becomes 3 jim. In contrast to portions of the 
GaN layer 32 fonned above the top surfaces of the 
posts, portions of the GaN layer 32 formed above the s 
bottonns of the trenches extending as deep as 2 fim 
through the GaN layer 31 exhibited significant suppres- 
sion of threading dislocation. 



[Fourth Embodiment] 
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[0056] As in the first embodiment, a buffer layer 2 and 
a GaN layer 31 were fomned in 3 jim of thickness on a 
sapphire substrate 1. Then trenchs having {11-20} 
planes serving as a sidewall were formed. Lateral epi- is 
taxial growth was perfonned while the {11-20} planes 
primarily served as the growth fronts, thereby filling the 
trenches, and a GaN layer 32 was grown thereon. The 
GaN Iayer31 has athickness of 3 jim and the total thick- 
ness of the GaN layer 31 and the GaN layer 32 were 20 
designed to become 6 jxm. The part of the GaN layer 32 
fomned above the posts of GaN layer 31 at the etching 
thereof was etched in a depth of 2 jim so that the {1 1 -20} 
planes might be served as the sidewalls of the trenches 
(FIG. 4A). Here, a portion of the GaN layer 32, which 25 
was formed on the upper portion of the top layer of the 
posts of the GaN layer 31 at etching, was not etched. At 
this time, the {11-20} planes of the GaN layer 32 were 
caused to serve as the sidewalls of the trenches of a 
depth of 2 urn. 30 
[0057] Next, while the temperature of the sapphire 
substrate 1 was maintained at 1150*»C, Hg (20 Umin), 
NH3 (10 L/hriin), and TMG (5 jimol/min) were introduced 
to thereby form a GaN layer 33 through lateral epitaxial 
growth performed while the sidewalls of the trenches of 35 
a depth of 2 jxm; i.e., the {1 1 -20} planes of the GaN layer 
32, serve as nuclei. At this time, epitaxial growth took 
place from the top surfaces of the posts and from the 
bottoms of the trenches (FIG. 4B). Lateral epitaxial 
growth was performed while the {1 1 -20} planes primarily 40 
served as the growth fronts, thereby filling the trenches 
and thus establishing a flat top surface (FIG.4C). Sub- 
sequently, H2 (20 L^min), NH3 (1 0 Umm), and TMG (300 
|imol/min) were introduced to thereby grow the GaN lay- 
er 33 such that the total thickness of the GaN layer 31 , 45 
the GaN layer 32, and the GaN layer 33 becomes 7 jrni. 
In contrast to portions of the GaN layer 33 fomned above 
the common top surfaces of the posts of the GaN layers 
31 and 32, portions of the GaN layer 33 fonned above 
the bottoms of the trenches extending as deep as 2 \sm so 
through the GaN layers 31 and 32 exhibited signifrcant 
suppression of threading dislocation, which is extremely 
wider range compared with that of the GaN layer 32 in 
the first embodiment 



55 



[Fifth Embodiment] 



of the f oruth embodiment, a laser diode (LD) 1 00 shown 
in FIG. 5 was fomned in the following manner. Notably, 
in fonnation of the GaN layer 33, silane {S\H^ was in- 
troduced so as to form a silicon (Si)-doped n-type GaN 
layer serving as the GaN layer 33. For the sake of sim- 
plified illustration, the drawing merely illustrates a GaN 
layer 1 03 to inclusively represent the GaN layer 31 , the 
GaN layer 32, and the GaN layer 33. 
[0059] On a wafer comprising a sapphire substrate 
101, a buffer layer 102 of AIN, and the three-layered 
GaN layer 103 consisting of two GaN layers and an n- 
type GaN layer, an n-clad layer 1 04 of silicon (Si)-doped 
Alo os^ao gaN, an n-guide layer 105 of silicon (Si)-doped 
GaN, an MQW-structured light-emitting layer 106, a p- 
guide layer 107 of magnesium (Mg)-doped GaN, a p- 
clad layer 1 08 of magnesium (Mg)-doped A(o o8Gao.92N, 
and a p-contact layer 109 of magnesium (Mg)-doped 
GaN were fomned. Next, an electrode 11 OA of gold (Au) 
was formed on the p-contact layer 1 09. Etching was par- 
tially performed until the three-layered GaN layer 103 
consisting of two GaN layers and the n-type GaN layer 
was exposed. On the exposed GaN layer 103, an elec- 
trode 11 OB of aluminum (AI) was fomned. The thus- 
formed laser diode (LD) 1 00 exhibited the signif k;ant im- 
provement of devfee life time and light-emitting efficien- 
cy. 

[Sixth Embodiment] 

[0060] On a wafer fomned in a manner similar to that 
of thefirst embodiment, a light-emitting diode (LED) 200 
shown in FIG. 6 was fonmed in the following manner. 
Notably, in fomnation of the GaN layer 32, silane {SiH^ 
was introduced so as to form a silicon (Si)-doped n-type 
GaN layer serving as the GaN layer 32. For the sake of 
simplified illustration, the drawing merely illustrates a 
GaN layer 203 to inclusively representthe GaN layer 31 
and the GaN layer 32. 

[0061] On a wafer comprising a sapphire substrate 
201 , a buffer layer 202 of AIN, and the two-layered GaN 
layer 203 consisting of a GaN layer and an n-type GaN 
layer, an n-dad layer 204 of silicon (Si)-doped 
AlcoB^ao gaN, a light-emitting layer 205, a p-clad layer 
206 of magnesium (Mg)-doped Alo ^Gao gaN, and a p- 
contact layer 207 of magnesium (Mg)-doped GaN were 
fomned. Next, an electrode 208A of gold (Au) was 
formed on the p-contact layer 207. Etching was partially 
perfomned until the two-layered GaN layer 203 consist- 
ing of the GaN layer and the n-type GaN layer was ex- 
posed. On the exposed GaN layer 203, an electrode 
2088 of aluminum (AI) was fomned. The thus-fonned 
light-emitting diode (LED) exhibited the significant im- 
provement of device life time and light-emitting efficien- 
cy. 

[Seventh Embodiment] 



[0058] On a wafer formed in a manner similar to that 



[0062] The present embodiment used an n-type sili- 
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con (Si) substrate. On the n-type silicon (Si) sulDStrate 
301, a silicon (Sl)-doped AIq igGao osN layer 3021 hav- 
ing a thickness of 3 was fonned at a temperature of 
1 1 SO^'C through supply of H2 (1 0 L/min). NH3 (1 0 L/min), 
TMG (100 timol/min), TMA (10 jxmol/min), and silane 
(SiH4) diluted with gas to 0.86 ppm (0.2 MJnol/min). 
Next, by use of a hard bake resist mask, stripe-shaped 
trenches each having a width of 1 ^m and a depth of 2 
urn were selectively dry-etched at intervals of 1 ^m by 
reactive ion beam etching (RIE). As a result, posts each 
having a width of 1 jun and trenches each having a depth 
of 2 ^m and a width of 1 jim exposed at the bottom there- 
of were alternatlngly fomied as the n-Alo.isGao^N lay- 
er 3021. At this time, the {11-20} planes of the n- 
AlojgGao esN layer 3021 were caused to serve as the 
sidewalls of the trenches of a depth of 2 |im. 
[0063] Next, while the temperature of the n-type sili- 
con substrate 301 was maintained at IISO'^C, (20 U 
min), NH3 (10 L/mIn), TMG (5 junol/min), TMA (0.5 
nmol/min), and silane (SiH4) diluted with H2 gas (0.01 
nmol/min) were introduced to thereby forni an n- 
Alo isGaoogN layer 3022 through lateral epitaxial 
growth perfomied while the sidewalls of the trenches of 
a depth of 2 jim; i.e., the {11-20} planes of the n- 
Alo.15Gao.85N layer 3021 , serve as nuclei. At this time, 
epitaxial growth took place from the top surfaces of the 
posts and from the bottoms of the trenches. Lateral epi- 
taxial growth was performed while the {11-20} planes 
primarily served as the growth fronts, thereby filling the 
trenches and thus establishing a flat top surface. Sub- 
sequently, H2 (10 Umin), NH3 (10 L/min), TMG (100 
fimol/min), TMA (1 0 jimol/min), and silane [S\H^ diluted 
with H2 gas (0.2 jimol/mln) were introduced to thereby 
grow the n-Alo igGao layer 3022 such that the total 
thickness of the n-Alo^gGao ggN layer 3021 and the n- 
Alo.15Gao.85N layer 3022 becomes 4 ^m. Hereinafter, 
the n-AI0.15Gao.85N layer 3021 and the n-AI0.15Gao.85N 
layer 3022 having a total thickness of 4 jun are inclu- 
sively represented by an n-Alo.15Gao.85N layer 302. 
[0064] On the n-Alo i5Gao.85N layer 302 fonned on 
the n-type silicon substrate 301 , an n-guide layer 303 of 
silicon (Si)-doped GaN, an MQW-structured light-emit- 
ting layer 304, a p-guide layer 305 of magnesium (Mg)- 
doped GaN, a p-clad layer 306 of magnesium (Mg)- 
doped Alo.08Gao.92N, and a p-contact layer 307 of mag- 
nesium {Mg)-doped GaN were fomied. Next, an elec- 
trode 308A of gold (Au) was fonned on the p-contact 
layer 307, and an electrode 308B of aluminum (Al) was 
fonned on the back side of the silicon substrate 301 
(FIG. 7). Thethus-fonned laserdiode (LD) 300 exhibited 
the significant improvement of device life time and light- 
emitting efficiency. 

[Eighth Embodiment] 

[0065] The present embodiment used an n-type sili- 
con (Si) substrate. As in the seventh embodiment which 
used a wafer comprising the n-type silicon substrate 301 



and the n-Alo.15Gao.85N layer 302 fonned thereon, the 
present embodiment prepared a wafer comprising an n- 
type silicon substrate 401 and an n-Alo.15Gao.85N layer 
402 formed on the substrate 401 . On the wafer, a light- 

5 emitting layer 403 and a p-clad layer 404 of magnesium 
(Mg)-doped Alo^gGaQ 85N were fonned. Next, an elec- 
trode 405A of gold (Au) was fonned on the p-clad layer 
404, and an electrode 405B of aluminum (Al) was 
fomied on the back side of the silicon substrate 401 

10 (FIG. 8). The thus-formed light-emitting diode (LED) 400 
exhibited the significant improvement of device life time 
and light-emitting efficiency. 

[Modification of Etching] 

15 

[0066] The present invention is not limited to what 
etchied surface is. Various modifications are described 
hereinafter. 

[0067] FIG. 9 schematically shows locations of etch- 

20 ing in the first GaN layer 31 and the second GaN layer 
32 In the fourth embodiment. As shown in FIG. 9A, etch- 
ing is perfomned in the form of stripes so as to form posts 
of the GaN layer 31 (hatched in FIG. 9) and trenches 
denoted by letter B. As shown in FIG. 9B, etching is per- 

25 fonned in the f onn of stripes so as to fomri trenches de- 
noted by letter A and posts of the GaN layer 32 whbh 
fill the trenches denoted by letter B in FIG. 9A. Thus a 
GaN layer 33 is fonned through lateral epitaxial growth. 
As a result, as shown In FIG. 9G, there are fonned re- 

30 gions denoted by reference numeral 31 where threading 
dislocation is propagated from the GaN Iayer31 , regions 
denoted by reference numeral 32 which are upper por- 
tions oftheGaN layer 32 fonned through lateral epitaxial 
growth and where threading dislocation is suppressed, 

35 and regions denoted by reference numeral 33 which are 
upper portions of the GaN layer 33 fonned through lat- 
eral epitaxial growth and where threading dislocation is 
suppressed. 

[0068] FIG. 1 0 shows an example in which island-like 
^ posts are formed by means of three groups of {1 1 -20} 
planes. To facilitate understanding, the schematic view 
of FIG. 10A includes a peripheral region formed by 
means of three groups of {11-20} planes. In actuality, 
tens of millions of island-like posts may be formed per 
45 wafer. In FIG. 1 0A, the area of the bottoms of the trench- 
es B is 3 times the area of the top surfaces of the island- 
like posts. In FIG. 10B, the area of ttie bottoms of the 
trenches B is 8 times the area of the top surfaces of the 
island-like posts. 
50 [0069] While the present invention has been de- 
scribed with reference to the above embodiments, the 
present invention is not limited thereto, but may be mod- 
ified as appropriate without departing from the spirit of 
the invention. 
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Claims 

1. A method for fabricating a Group III nitride com- 
pound semiconductor through epitaxial growth 
comprising the steps of: 5 

etching an undertying layer which comprises at 
least one layer of a Group III nitride compound 
semiconductor and afirst Group III nitride com- 
pound semiconductor as an uppemriost layer, io 
to thereby fornn a trench/jaost having an island- 
like stmcture such as a dot-hke, stripe-shaped, 
or grid-like stmcture; and 
epitaxially growing, vertbally and laterally, a 
second Group III nitride compound semteon- is 
ductor, with a top surface of the post and a side- 6. 
wall/sidewalls of the trench serving as a nucle- 
us for epitaxial growth, the post and the trench 
being fomned by etching said firat Group III ni- 
tride compound semiconductor so as to fomi an 20 
island-like structure such as a dot-like, stripe- 
shaped, or grid-like structure. 



2. A method for fabricating a Group III nitride com- 
pound semiconductor according to claim 1 , wherein 25 
a depth and a width of said trench are determined 
such that lateral growth from said sidewall/sidewalls 

for covering said trench proceeds faster than verti- 
cal growth from the bottom portion of said trench for 
burying said trench. 30 

3. A method for fabricating a Group III nitride com- 
pound semiconductor according to any one of 
claims 1 and 2, wherein substantially ail said side- 
walls of said trench are a {11-20} plane. 35 

4. A method for fabricating a Group III nitride com- 
pound semiconductor according to any one of 
claims 1 to 3, wherein said first Group III nitride com- 
pound semiconductor and saidsecond Group III ni- 40 
tride compound semiconductor have the same 
composition. 

5. A method for fabricating a Group III nitride com- 
pound semfconduclor through epitaxial growth 45 
comprising the steps of: 

etching an undertying layer which comprises at 
least one layer of a Group ill nitride compound 
semiconductor and a first Group 111 nitride com- so 
pound semiconductor as uppemriost layer, to 
thereby fonn an island-like structure such as a 
dot-like, stripe-shaped, or grid-like structure, so 
as to provide a first trench/post; 
epitaxially growing, vertically and laterally, a ss 
second Group III nitride compound semicon- 
ductor, with a top surface of said post and a 
sidewall of said first trench serving as a nucleus 



for epitaxial growth, 

etching at least a portion of said second Group 
III nitride compound semiocnductor corre- 
sponding to the upper region of the post of said 
first trench/post, so as to provide a second 
trench/post, said second Group III nitride com- 
pound semiconductor being grown from said 
top surface and a sidewall of said first post of 
said first Group III nitride compound semteon- 
ductor sensed as a nucleus; and 
epitaxially growing, vertfcally or laterally, a third 
Group III nitride compound semiconductor, with 
a top surface of said post and a sidewall of said 
second trench as a nucleus for epitaxial growth, 

A method for fabricating a Group III nitride com- 
pound semiconductor according to claim 5, wherein 
a depth and a width of said first and second trench- 
es are detemiined such that lateral growth from said 
sidewall/sidewalls for covering said trench pro- 
ceeds faster than vertical growth from the bottom 
portion of said trench for burying. 



7. A method for fabricating a Group III nitride com- 
pound semiconductor according to any one of 
claims 5 to 6, wherein sut)stantially all said side- 
walls of said trench are a {11-20} plane. 

8. A method for fabricating a Group III nitride com- 
pound semkx)nductor according to any one of 
claims 6 to 7, wherein said first Group III nitride com- 
pound semfconductor and said second Group III ni- 
tride compound semiconductor have the same 
composition. 

9. A method for fabricating a Group III nitride com- 
pound semiconductor according to any one of 
claims 5 to 8, wherein said second Group III nitride 
compound semteonductor and said third Group III 
nitride compound semiconductor have the same 
composition. 

10. A Group III nitride compound semkjonductor de- 
vice, which is fonned on an upper layer of a lateral- 
epitaxially grown portion of a Group III nitride com- 
pound semiconductor layer produced through a 
method for fabricating a Group III nitride compound 
semiconductor according to any one of claims 1 to 
4. 

11. A Group III nitride compound semfconductor de- 
vice, which is formed on an upper layer of a lateral- 
epitaxial ly grown portion of said second or said third 
Group III nitride compound semiconductor layer 
produced through a method for fabricating a Group 
III nitride compound semiconductor according to 
any one of claims 5 to 9. 
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12. A Group III nitride compound semiconductor light- 
emitting device which is produced by stacking a dif- 
ferent Group III nitride compound semiconductor 
layer on an upper layer of a lateral-epitaxially grown 
portion of a Group III nitride compound semicon- 5 
ductor layer produced through a method for fabri- 
cating a Group III nitride compound semiconductor 
according to any one of claims 1 to 4. 

13. A Group Ml nitride compound semiconductor light- io 
emitting device which is produced by stacking a dif- 
ferent Group III nitride compound semiconductor 
layer on an upper layer of a lateral-epitaxially grown 
portion of a Group III nitride compound semicon- 
ductor layer produced through a method for fabri- is 
eating a Group III nitride compound semiconductor 
according to any one of claims 5 to 9. 

14. A method for fabricating a Group III nitride com- 
pound semiconductor according to any one of 20 
claims 1 to 14, further comprising: 

removing substantially entire portions except 
for an upper layerformed on a portion provided 
through lateral epitaxial growth, to hereby ob- 25 
tain a Group III nitride compound semiconduc- 
tor sut>strate. 

15. A method for fabricating a Group III nitride com- 
pound semiconductor according to any one of 3o 
claims 5 to 9, further comprising: 

removing substantially entire portions except 
for an upper layerformed on a portion of said 
second and third Group III nitride compound 35 
semiconductors provided through lateral epi- 
taxial growth, to hereby obtain a Group III ni- 
tride compound semiconductor substrate. 
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